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Tire U l t r a  Light Huneyconib Prograta has &tormined that it is feasible to manu- 

facture large, deep core sandwich construction panels. A modified boading 

s j i s * a  fvr tii;iLiiiuw w a s  &uci@ by livco in an iruieyeJuicnr =search program 

;urd successfully ued  in thc U l t r a  Light tloneycamb kogram. 

Data ims been obtained from tests to  verify and extend existing data to include 

deep core sandwich construction. This data is core shear strength, axe shear 

modulus, and proportional l i m i t  shear stress. Analysis has shown that for the 

specimens t o  be tested i n  edgewise compression, face wrinkling is the critical 

moJe of failure. An analytical laethod t o  determine the ultimate cawpressive 

strength for  local face wrirlkliug failure lras been detexmineci which closely 

predicts tile failing stress. 

weight of the skirt structure of the S-I1 Stage of the Saturn V Missile, made 

of deep core aluminum honeyed w i t h  titanium skins, is 3048 lb. with an 

ultimate load carrying c a p a b i l i t y  of 9275 lb/inch of circumference. 

A weight analysis sham that the approximate 

A follow-on program rccomaenrls additional feasibil i ty investigation and testing. 

investigation and t e s t s  w i l l  include joint designs t o  attadi thc s k i r t  

structure t o  the missile structure and the general instabi l i ty  mock of failure 

of large curved panels. 

tested, The d result of this  program w i l l  be the design of a s k i r t  structurc 

of u l t ra  l ight  honeycd caistruction. 

A fu l l  scale cylinder structure w i l l  be designed and 
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Ihe purpose of this develoFppent program was as foUaws. Che objective 

was to prim thot sandwich panels cansisting of ti- skins banded 

to i i lm lmm hrmeycooPb core could be laantdactured w i t h  reliability. 

Another objective was to determine if the existing t k m t i c a l  laethods 

of analysis of sadrich desim -re applicabb to thick- canrlvich 

cylinders of large radii. 

The ultimate goal of the tests was to hunirh sufficient desigp data 

fmoptJhich the forward skirt stnrcture of th S-I1 stage of the Saturn 

V missile, 01: some fitam missile structure, could be desi@ and 

&actamxi w i t h  a weight savings over the ccnnm~tiaal skin-stringer 

type strucbre. 

Tbe follawtrg objectives of t h i s  program are discussed in SUMMY OF 

1. Oeterslias if presently available manufacturing capabilities are 

sufficient to efficiently produce deep core smduich panels that 

axe structurally S d ,  

2. bterppins any materials handliag problene that may be of special 

c a u ~ ~ u ~ a t c ~  in the ansideration of this type of strwture for 

large -11 structures, 

. .  
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3. btsraine the limitations of present theory to predict failure 

mqumces of their use an large structures, 
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a To Bccaaplish the task outlined in the contract, the program was 

divided into three phases. 

Phase I was a test program for w h i c h  basic data was to be determined 

concerning elemental fabrication, testing and erahatiopt of relatively 

snall specimens to substantiate and au-t existing design and 

fabrication data. 

Ihse I1 was a continuation of the evaluation of large bonded h-y- 

c u b  panels. Closeout techniques were developed, handling problems 

were studied and joint design was evaluated. Iho characteristics of 

deep hareycolr9, panels under static, dynamic and thennal loadings 

were evaluated. 

phase 111 of the program consisted of making a 16 nxn sound-color film 

of tbe Iparrufacture and testing of the specinlens during the perfomance 

of this program, 

The slain objective of the tests was to determine the ultimate edge- 

wise compressive load that would prociuce a local instabil i ty mode of 

failure iri the panels. 

and the blodc shear tests, were performed to  verify or cauplement 

existing P3anufacturer's data of cores, adhesives and titanium skins. 

lhese tests wetre designed to  supply data that was needed in order t o  

calculata the theoretical ultimate strength of the panels. Ihe ul t i -  

asate stress at failure was t o  be conpared w i t h  theoretical predictions 

"he flatwise compression and tension tests, 



of ultimate stress based on the design data obtained fmrn the sup- 

phtmtary tests.. From these casppariscms, a recowmeordation was t o  

be nmde as to which analytical techniqiue showed the best correlation 

with test results, Ihe scatter of ms~Ats t~ be e.xpxted upm 

using this analytical technique was to be determined also. 

The results of the test program were to be applied to the design of 

the foxward skirt stnrbre of the S-11 stage of the Saturn V missile. 

A fol3w-m program that would provide additional needed data for a 

=re refined design w a s  to be proposed. This follw-on program was 

to be based on a careful evaluatiun of the results obtained fran this 

test progriaIn. 



1. hhnufacturing Capabilities 

The hvestigatipr shalicd that tlre problems 2ssociated with the 

fabrication of deep core sanchidr constructim can be solved by 

the tedmiques used in thin or tapered core s a n d w i c h  structure. 

TIE sandwich cqionents must be cut to size, prcfitted, cleaned 

and layed up as an assembly into a b m h g  tool. This tool rmst 

bc made to the proper contour, and tolerances m s t  Lc held so that 

during the bonchag process, crusihig of the corn docs not take 

place. The curing of the assembly is a c c q l i s h e d  in  an autoclave 

in  which pressurc is applied t o  the part t o  hold the assenbly in 

cantact with the bonding tool. A cantrolled temperature cycle 

accaxplishes thc a r e  o f t h e  adhesive. Thc Skirt Structure of 

t l ~  S-I1 Stage w i l l  be manufactured in segments. Any inserts 

that might be needed will be bonded into place during the primary 

baaitling cycle. 

a seconclaxy bond process or by mechanical fasteners, 

Ihc scgmrits w i l l  be joincd together either by 

The mly manufacturing problems w h i d i  w e r e  encountered in th is  

program were associated with the titanium skins. 

(he problem erlcwritercd was that of obtaining a g o d  bond between 

ti= titanium s k h  arid ti@ alumhum fiarbcycard, core. A tcdniique 

of cleaning and priming t o  bond the titanium skins was developed 

by Avco <luring independent developmnt program. This techrriquc 

provides a tond that is sufficient t o  develop thc xeqUir&d struc- 

V m l  n r w e q  nf thr rnre. - -- -- 
.-11 CL- 
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skins had t o  "hand &" each skin. This '?by bid" p-ss was' 

dependent on operator skill and technique and was very expensive 

and required a long procurcnlcnt time. A large structure such as 

tius satuni V, S-If foxward s k i r t  w i l l  require large quantities 

of titanium skin. 

obviously not acceptable for the nranufacture of large structures. 

The titanium manufacturers, ilowever, arc presently ixrstdlling 

This  'land made" method of mnufactuI?c: is 

iacw r o l l h g  iud materials imdling equipnt which slmuld 

alleviate this  problem. 

2. Materials tiandling 

The handling of materials t o  rnanufacture deep core sanc€widi 

structure is within the prescnt state-of-the-art. 

difficulty may arise in  the event that thc design specifies that  

there be chemical-milling of titanium skins that are larger than 

can be sccamodated. by existing facil i t ies.  

The cleaning of largc pancls w i l l  also be &pendent upon die 

size of existing facil i t ies;  lwwever, the canstruction of tanks 

for the cleaning will not be as critical as that for diemical- 

(he possible 

milling. 
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Ttpe size of the bonded panels w i l l  have to be controlled in the 

cmiginal design so that the sandwich constructiool segments and the 

banding tool or fixtures w i l l  fit within tfre autoclave for curing. 

3, Limitation of Present Theory 

The test results are tabulated in Appendix A of this report. 

The edgewise compression tests spechens all  failed in tb face 

wrinkling laode. The average failing stress for Phase I specimens 

was 89,605 pounds per square inch and the civerage failing stress 

for Phase I1 specimens was ll3,XP pamds per square inch, A 

Blodified barding system was used 091 the specinrear* fabricated for 

the maSe XI tests. 

The equation sham below was chosen to be the analytical technique 

which &wed the closest correlation w i t h  the test msults of 

specimens which failed by a local face wrinkling mode. 

0.38 'm t c c  
u =  
cr 1 + l.39(EcGc/EtFJ2(w/tf) 

where: 

= Critical Buckling Stress, psi 'cr 
4 = Tangent Modulus of face material, psi 

= Compressive Modulus of core, psi 

= Shear Modulus of core, psi GC 

Fg = Flatwise core to skin tension strength or crush. 

strength (whichever is least), psi 
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the xxhalus of e last ic i ty  of the face sheets appeared in the 

raquation. I t  was detelmined that the use of the langent d*yhlzIIs 

in its place was mom judicious. Hawwer, for the range of st~i 1 

stresses enccruntered in this program, it wade no difference 

whether the &us or the tangent M u s  was used in theiequa- 

ti- for predicting the critical stresses. 

A stateamt to define the values to be used for waviness and core 

rshear mnAulus was lacking in Reference 1. The Phase I1 test re- 

sults showed that for a local face wrinkling type failure, the 

orientation of the core ribbon direction with respect to the load- 

ing direction made little difference. The average failing stress 

of specimens h which the longikdinal ribbaa direction was 

parallel w i t h  the load was 116,198 psi, whereas the average for 

those specimens with the transverse ribbon directicm parallel with 

the load was 113,182 psi. This represents a difference of less 

than 31, Therefore, manufacturer's data un trpical core shear 

modulus for %e longitudinal anl transv- directim was aver- 

aged asxi the resulting value was used in the theoretical Wcu- 

latioolrr of critical stress. The u38 of this average value for 
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axe shear modulus gave better correlation be- test results 

and Olsoroti+l predictions than did the us8 of different values 

for the lungitudindl and transverse dimctims or the use of 

calculated core shear mDdulus values based QI the density of the 

The face sheets of the specimens w e r e  checked, before testing, fox 

flatness by use of a feeler gauge. The deviation fm a flat sur- 

face was plotted, for both faces in the form of a grid. The 

miuimm deviaticms across the width of a specinar were averaged 

far the warst face. ..This average deviatiar was used as the wavi- 

ness factor. kviations of less .than ,005 inches were not re- 

corded, Those specimens wid& had an average deviation of less 

than .005 inches were assigned a waviness factor of ,005. 

The w(cviABss of the specimens tested seeraed to  have l i t t le or ILO 

effect OBI the load carrying capability of the specinum, 

fact, the specimen that attained the highest stress at failure 

Xn 

also hrrd am of the largest waviness factaro. Moreover, rechrcing 

the waviness factor from ,005 t o  a001 incxwues the predicted 

failing stress by a s m  as 151 in solpe cases, The test results, 

hcwever, do not show that the critical stress is this dependent 

upar the waviness. 

In the flatuise tensile tests,  the majority of the specimms 

failed in the face-to-core b O d  The averam tensile strength 
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The flatwise congression test results we- cmpred with typical 

values listed in Reference 3. The fbllowing n?sults were ob- 

a. Ibe typical umpressive strength of the 2.3 pcf w, 
as listed in Reference 3, was 2.4% greater than the average 

b, 'Ihe typical compressive strength of the 3.1 pcf honeycmb, 

as listed in  Reference 3, was 9.98% greater tban the average 

cuqmssive strength of the 3.1 pcf homycuh specimens 

that =re tested. 

l[he block shear test results showed the average shear strength of 

the 3.1 pcf core to be 167 p a d s  per sq\iare inch, while for the 

2.3 pcf core, tlre average shear strength was 101 pamds per square 

i n e h b  The average t e s t  value for core shear modulus was 7.21 

greater than the l i s t e d  value for 3.1 pcf core, in kfe- 3, 

ud 1,758 less for the 2.3 pcf core, 



The results f m  the flexure tests indicate that the pmcedure 

called aut in MXL-sII)-IOlA does not give usable data for thick 

cozw h m y a m b  sandwich construction. The high shear loads pro- 

rLurvl in f??xure tarts, caibined with the ecx,entri~ loading C r  

the l d  pads, caused by the compressive strain of the WT skin, 

in thick axe sandwich construction cause a premature failuxe 

due to core cNshing under the load points. 

'Ihe test results indicate that the materials used may be worked 

to a high eawgli stmss level that a possible might savings may 

be realized.over a caiventiasral sheet-stringer structure. 
* .  

I. Size Limitations 

lhers we!= 110 deleterious size limitations experienced in the use 

of deep core sandwich coJlstnrtioDl except that the Flexure Test 

as aitlhd in blIL-Sl'D-40lA is not recoaraended as a raethod to 

. 

&termins the quality of bond for thick core sadwicb specimens. 

5. @a3 itycontml . . 

'Ike quality cantrol procedures for thick core sandwich constnrc- 

tian am similar to those used for thin core sandwich unastnrctian, 

Basically, they are to casltrol materials and thickresses, dinrar- 

si- for prefit, process control for cleaning and layup and 

bardkrg GYC-. 
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The methods for determining the quality of bod are t o  bond and 

test sample coupazs almg si& and through the same cycle as the 

sanduich segments. Several methods of ultrasonic testing for 

voids or  substandard bond may be used as we11 as the "coin tap" 

plethod. 

The contour of the bonded segments should be determined by in- 

spectioa mthods. The mount art of cantaur, or waviness limit, 

is deterrpined by analytical nn~thods for a face wrinkling mode of 

failure. 

Core crushing w i l l  be detentked by radiographic xnethods. 

large areas of core are crushed during the bowding cycle or by 

handling, the segment nust be either repaired by injecting resins 

to reinforce the buckled core, or the segplent w i l l  have t o  be 

I f  

scrapped. 

6. Weight 

Aweight study is shown in AgpendixH. The loads in th is  analysis 

applied to the thick core sandwich skirt structure have been 

a s s d  since the exact loads have not been available. The esti- 

mted weight of the c q l e t e  skirt assembly is 30481 and the 

assumed ultimate load was 92751 per rurrning inch of circumference. 

I t  should be noted that there is not included in the weight 

analysis, because no infomatian was available, arry additional 

weight due t o  insezts to  support any attacfpaents or equipment t o  

the sk i r t  structure. 
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I, Integralspecimems 

The xkies of failure in edgewise wmpressian arc intracellular 

W i n g ,  face wrinkling, shear instability, general or co1uim 

instability and compressive yield. A prelhinary analysis indi- 

cated that nom of the specisrns tested in this prpgram were eithei 

long or larp enough to f e l  due to &ear instability or general 

instability. The specimens uwre designed to becane ct i t ical ly  

stressed in face wrinkling and intracellular W i n g  si.llultar- 

earsly. Face wrinklur g type of failure didocarr in all the speci- 

mens that were tested. 

'Iherr, are three separate theoretical expressions coasi&red in 

this cpport for predicting the critical face stms far a face 

wrinkling trps of failure. 

. 

These are: 

- Critical Buckling stress, psi -: acr. 
% m Tangent Modulus of face psi 

(& =shsarbdulusofcore,psi 

= carpmssivs miulus of corn, pi 



- -- 

- Flatwise con to skin tensian stmngth or core 

crush strength (whichever is least), psi 

i)ista;nce, centroid to atmid  O f  &b, 

Fe 

h 

repart, Paper 1393, 30 &gust 1962, but have bear raodified a~ a 

result of a previous test program perfonmd by AvIoo/AsD, 

Eqyation (c) is taken from ANC 23, sandwich Canatructiar fkr 

Aircraft, Part XI, and is rewritten in an easier to use fonr, 

bfexence Structural Analysis of Honeyc 0139 Sandwich Conrtmctiaa, 

AVO0 Corporation, Nashville Diyipim, Miu-cb 1962, 

Ihe critical stress predicted by equatiass (e) correlated quite 

specil~en~, equatiaa (c) became unreliable, 

~n equaticn (c) , the tern (.zo~E$) constitutes only a small 

percent of the to ta l  numerator and bnce can be considered 

virtually a -tanto A0 waviness W-S zero, tb 
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Simplifying, WB get: 

. 822Ettf2 

I t  can IWV be seen fm equaticm cc-2) that extremely large stresse! 

are predicted. The tangeat -us does not exist at these stmsse: 

and hence the equation beco~aes useless. Also, note that the 

equation seems to indicate that the critical stress level is pm- 

portional to the square of the face thickness and inversely pro- 

prtiaral to the square of the cell size. These praportimalities 

are disproved by the test resUts. 

Equation (b) seem to consider all of the pertinent paranretern, 

but it considers the critical stress level to be inversely pro- 

p o r t i d  to the square root of the sandwich thickness, h, This 

relationship is not borne out in the test results. The test 

results seem ta indicate that the 3.5 in& thick cupms attain 
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the bighest average stress level, with the 4.0 inch cotpans 

secard; and the 3.0 inch aqxms attain the lawest average 

st-s level. 

Equatian (a) predicts wore accurately the critical stmsses 

attained in the tests. The cmpariscm of quatiam (a) , (b) e 

d (e) as regards correlatioa with test data fmn the phase I 

tests is s&own in Tables 1.1 and 1.2, 

Table 1.1 

PHASEITEsrs 

Equatian Equatim Equatioa 

(a) A.0 
Percent of specimens predicted 

Percent within - + 201 72.31 27.81 72.31 

w i t h i n  I + 101 of test results 55.6% 11.11 38.91 

perrent within -.- + 30% 83.41 38.9% 77.a~ 

Table 1.1 was conpiled by using all  of the test results. Of the 

total m&er of specimens tested, 4 specinms failed at less than 

751 of the average failing stress of the other speciaens. Them 

were no specimens that failed in excess of 1251 of the average 

failing stress. With these 4 specimens discartled, the percentages 

sham in Table 1.2 ne= obtained. 
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Table 1.2 

Equaticm Equatian -ti= 
ca) A 0  

7.2% 50% 

krcent w i t h i n  + 20% - 21.4%. 93% 

Perrent within + 308 loot 36% 1008 

Tables 1.1 anti 1.2 show tlmt v t i m  (a) fitted the data fmu 

phose I tests -re closely than equatian (b) or (C).  Also, it 

rharld be noted that equatian @) caasistenay pmiicted m l w s  LC I !  

bel- tbe test results. 

Table 1.3 

H-JASE I1 TEsrs 

Equation (a) Equation (b) 

Fwcent of specimens p d i c t e d  
within + 10% of t e s t  results .... 20.8% 22.9% 

Fercent w i t h i n  + 20% 
.L 

680 8% 47.95 

Percent w i t h i n  4 309 
..I 

77.1% 

Table 1.3 was compiled by cansidering all of the test results 

obtained in Phase 11. By discanling those specimens that failed 

beyand - 30% of the average failing stmss of all the specinens, 

the pelrentages sh- in Table 1.4 W= obkpiaed, 
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Table 1.4 

RUSE I1 TESI'S 

13quatiar (a) Equation (b) 

penent within + 20% - 
Percent within - + 301 8801% 61.9% 

Tables 1.3 and 1.4 show that equatim (a) firted the data fm 

Phase I1 tests m>re closely than eqwtim (b). A fact that should 

be noted abuut equations (a) and @} i s  that in no CQSB did either 

equatiar predict an d t i w a t e  st& level abwe XU,OOO pi. m g  

those speciraenr tested in Phase XI, 48.0% of thma reached an 

ultimate stress level greater than lZZ,OOO psi. 

Conclusions: 

Equation (a) was found to h the best correlatioa with the test 

data of phase I1 and is subsequently preferred for use. 

2. SpliCe-JOint Specimens 

The prpose of the splice-joint spec- tests was to detemine 

the joint strength and its effect a the overall caapressiar load- 

carrying capabilities of the panel. The tests wre ained at de- 
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' 0  
be joined in such a tPanner to pexmit the 1 4  to be efficiently 

tranoferred fxwm QJLB panel to the m a  

'Ihe splice-joint spec- we= made in the following manner. 

I n t e e  spechns were first cur in h z l f a  i i  two W v e s  were 

then butted together and splice plates were used to join tbe two 

halves by nmms of B secondary bod process. 'Rro types of ad- 

lhree test specimens were to be poJ8 by elect--beam welding 

toether thb face sheets of integral rpsci~mns. Difficulties 

were encamtemd in joining the specimau because the weld was 

mtanirrpted by the W adhesive Of the trtewol S p e C b n O a  

m y  Q L ~  specinren was made available for testing. 

this specbn occurred as face wrinkling and core crushing at  the 

weld, I t  is believed that the low stress level at failure can be 

attributed to a reciucticn in cue0 of the face plates that ocatrred 

at QLB of the welds. 

~ai iure of 

Tbs spec- and loading conditiau are shown in Figure 1.1, 

Pot t i ng Canpound 

71147 star- m.6~ 
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A photograph of the typical test set-up is shown in Apper#lix D. 

The ends we= potted t o  insure that the load was introduced into 

the specipen mifondy. The esrd champs were pmided  to insure 

testing lpachine that was used was aroaitorpd so that the load rate 

wadd be approximately 6,000 pantds per rainUte. It was assIIQed 

that this rate would be slow mwgh to pennit the spec- to 

relieve possible stress cmcatratiars 50 that the load CQUfd be 

resisted in the most efficient maxaner. The load was increased 

unt i l  failure of the specimen OCCUffed. The speciraars we= de- 

si@ so that failure Qle to face.urinkling in the integral speci- 

mens, 

tanmusly, Ibis &sign, i n  effect, would be an optirrat-stress 

failure of the splice-joint was expected t o  occur sinul- 

type design, 

The test data and correlated data are l is ted in Appendix A and 

pippendix Be respectively. nK majority of the specimens exhibited. 

the expected typical type of failures. Irregularities in two of 

therpecipens were detected prior to testing. Another -le was 

lnnrlnd at a rate approxitnately three times faster than intended. 

A l l  three specislens aforementimed failed a t  stresses which were 

l amr  than expected. 

3155 adhesive. The developed shear stxess in the splice adhesives 

A l l  three specimens were boded w i t h  the 

at failure showed l i t t le scatter in tbe specimens which were 

barded w i t h  the FM-1000 adhesive. The carclusian to be drawn fran 

these tests is that splice joints CBR be designed so that the firll 

rtreagth of the pieces  to be joined rpiiy be utilized. 
7247 Rw. 8 4  1 



These tests were conducted t o  deterarine the flatwise tensile strength 

of the adhesive systelaused t o  hnd the face sheets to  the carp:. The 

tests were perforpled on specisrens that wexe bonded between heavy metal 

loading blodcs which were pulled apart in a Universal testing arachine. 

A self-aligning loading fixture was e~ploypd to insure against 8ccen- 

tric loading. The specierens were cut art of an usdamad area of the 

edgewise carpression specimens after they laad been tested, lhis was 

dme to afford a better cross-~~fireolce of data t o  be used in the 

theorretical calarlations. Flatwise w i l e  tests were caxlucted in 

Phase I only. The values obtained in these tests -re used for CQIB- 

pariS;an purpaoes in detenaining values for Fe to be used in the Phase 

set of theoretical calculations. No flatwise tensile tests.wem am- 

Qrted in Phase I1 because the flatwise tensile strwngth of the ad- 

hesive system was proven in the Phase I tests to be superior to  the 

flatwise cxmpressive strength of ths core. 

The results of  the^ flatwise tensile tests are listed in I\ppesldix A.. 

Ihe nmjoriv of the spechns failed in tbs bard, as expected. ZILO 

I 

averas tensile stnength of the speiaasns that failed in bad only 

wlio 336 psi, with the highest s t m  being 487 psi and the lat, 

194 psi. 
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walues for cwprcssive strengths (Reference 3) for the trpes of 

hawycamb'u~ed in the edgewise CQ pressive tests. n~ specimns 

wre cut fm an undamaged area of those specimens that had been 

tested in edgewise canpression. 

facings of the specimens through a self-aligning loading block in 

&ad was applied nomtal to the 

d 

a lhive!rsal testing d i n e .  F l a t w i s e  cuqmssive tests were per- 

Ill€! results of these tests determined the f o d  in phase I only, 

Fe values to be tued in one set of theomtical urlarlotians of 

ultimatu stress, upon comparing the .theoretical d t s c u b a i n e d  

fram using the test Fg values With those rerults ob- by using 

manufacturer's listed typical values, it was determined that the 

difference did not warrant further flatwise cappression testing, 

In the theoretical calculations for ultixuate stxess in Phase 11, 

manufacfttrer'r listed typical compressive strengths were wed. 

The msults of the flatwise catpmssive tests are listed in Appendix 

A. kmeyca& cores of two different h i t i e d  wme tested, namely, 

2.3 pcf ad 3.1 pcf. 'ho SpeCimBn8 f d  to give U n v -  

tative values for caspressive stwgth. The m ' ins SpeCiBens 

s i x n d  tbs following results: 



I P. E. P i p  

1. 

2. 

Ihe differpRces bet~een the wqmssive strePrgks listed in kferenm 

3 and those in the tes ts  had little effect ~1 overall msults 
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Block shear tests were caucted in o w r  that the shear st-, 

core shau IID$u1Ils, and p r o p o r t i d  limit sheer stress of thick 

hmeyamb corns might be detensitled. The basic papose of the tests 

was to deterrmirre the correlation of the test results with prblished 

data for thin cores. 

Steel chaplnels wre banded to the tipnium face rbeets of the honey- 

. cunb spec-. A photograph of the typical test set-up is shown in 

Appendix D. Ib4 ends of the steel c&u.mels were loaded in caqmssian 

through self-aligning blodrs. The lood was applied unifoxmly across 

the w i d t h  of the specimens and almg a line extending throu& diagan- 

ally oppolrite corners of the specinrens. An extensometer was used to 

p3easure relative raotion between the sanduich faces. bad-deflection 

c u m  were dram for each specimen, fmp which the core shear 

mdulus, shear strength, and p r o p o r t i d  limit stress ware evaluated. 

A typical l d - d e f l e c t i m  curve is shmn in Appendix F. 

A table of the results of the block shear tests is sbuwn in 

A. nK values for ccm shear modulus of the test specimens durwed ver 

good cormlatian with the values li-ted in Reference 3. For the 3.1 

pcf core, the average t e s t  value for core shear modulus was 7.28 

greater thoa the manufa~turer~s listed typical valw (Reference 3). 

Br ths 2.3 pcf core, the average test value for cure S ~ O T  xxiulus 
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was 1.75% less than the raanufacturer's listed typical value. The 

average shear strength for the 3.1 pcf core was 167 psi, and for the 

2.3 pcf corn was 101 psi, The mamfactumr's list shows no valuer 

for sheor stmngths for core thiclmesses greater then a~ in&, - 
HaJever, all of the test values fell. between nmufactumr1s listed 

values for BPininan shear strength and typical shear strength. 

test m3sults indicate that the shear stmgth of boneycarllb is re- 

ducsd by a substantial percentage IdAeaI the thiclaeu, of the core 

h tu#rsrssd h 1/2 inch to 3 iIEh0S. 
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 he flexure tests were caplductcd to provide a cross-ctwck a~ the 

strrxrtgth properties obtained in the block shear tests. Ihe speci- 

mmi -re d e s i p d  to faii in core shear and sicin conpressia siwul-. 

taneously. The speciwens were loaded * two quarter-span points 

through a self-aligning load fixture in a Universal testing machine. 

Steel bearing plates were prodided at the points of load applicatian 

in an attempt to miwe local stress'cancentratiars in the test 

speciaens at those points. 

The results of the tests are sham in Appendix A. Each spec- 

failed at the points of load application. The failures were due to 

local axe cxushing beneath the edges of the bearing plates. Ihe 

core shear stmgth and the canpmssive strength of the face sheets 

were not obtained from the f l e m  test because of the type of 

failure experienced by each specijpen. Because of the extreaely 

localized type of failure, and the low stmrs levels that were at- 

tained at failure in the tests, it does not appear that this type 

. 

of flexam test, as Outlined in MIL-SIIF4UlA, produces data which 

can be used to determine the design characteristics for thick-core 

sandwich castnrcticn. 



Ihs purpass of the dynaaic tests was to Izterprins the dpuuic stnoc- 

tun& characteristics of tliidc-eore honeycord, sandwich cmstructicn. 

The primary stnrtural characteristic to be determined was the fatigue 

life of the specinens under dynamic flexure loading. The dynamic test 

was intended to iduce a fatigue failure in sheor in the axe rather 

than in bending in the face sheets. Properties such as resamnt 

f-, anplificution factors, &d resaumt band width were also 

to be determined during the testing, 

A pbatogrpph of the typical test set-up is shoksr in Aspendix D. The 

speciaenS we- fabricated with an aluminm support block at the center 

and steel weights of approximately 27.2 pounds each, at both ends. 

The bmeycmb core, the titanium face sheets, the center blods, and 

the end weights were fabricated as an integral part. 'Ihe specimens 

were xmnted at the center support block to an electrodynamic s W r ,  

he spechns acted essentially as two cantilever beams w i t h  conce~- 

trated lomds at their ends. Each specimen was subjected to a sinus- 

oidal resonance search test, during w h i c h  the m3QzQnt fmpency, and 

anplificatim factor for that specimen were deterrained. 

frequency and input level w a s  selected during the sinusoidal sweep that 

wculd produce a critical drear stnss in the core of the h a r e y d  

aancbcrich, Rmll  %husoiJdl excitaticsr was applied at this freqtn?ncy 

and input level until failure of tke specha ocaumd, or -til lo6 

A dwell 



'Ihe results of the dynamic tests are swaarized in Appedix A. There 

were four sptxinms tested. (he specimen entered the first mode of 

natural msaumce too fast to reduas the control input axeleratian 

level and the hneycoinb sanJIich beam failed in bending, precautiars 

were taten to pravlent t h i s  candition fnmr existing in the remaining 

tests. 'Rro of the speciolens failed by shear fatigue in the core, 

as anticipated.  he fourth sanple wittutood 106 cy~les at the first 

sinusoidal dwell ,  and lo6 cycles at the sass &ell fmpency, but with 

an i n c r e a s e d  vibration input. 

The vibration input levels and the number of cycles to failure that 

the specipwrs withstood during these t e s t s  indicate that thick-core 

hatleycolllb sandwiches have pod shear fatigue msistunt prapertics, 

In 150 case did the core to face sheet adhesiw system sbar evidence. 

of f a i b ,  indicating that the band is at least as stmng as the 

con in &or fatigue. 

7247 Rev. I 4 S  
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'Ihs the- aanductivity t e s t s  were perfond so that data could be 

obtained that wauld enable calculation of the thrtrarsrl amductance af 

the hoprqrcad, sandwich panels. 

Photographs of thc test set-up appear in pspendix D. The tests we- 

carried art in accordance w i t h  Amrican Society for Testing Materials 

Built-up Sectiau by Means of the (haarded Hot Box, as mferred by 

Military Standard IJJ~IL-SIZFIO~A, Paragraph 5 A 5 ,  Heat transfer tkmugh 

the sambich panels was recorded with the bot face teaprature stabi- 

lized at a mdnum of =OF, end the cool face teaperaturn at 100.F. 

Cbservatiam of heat flow through each specimen we= made over a 

rpinirprpo period of eight hours. 

The tabulated data frolo the tests appears in Appendix A, The heat 

flat and twperature relatioarships used in the calculaticn of t hem 

llue to the lack of available published data on this subject, the data 

fmar tb Msml cosrductivity tests a u l d  not be checked for conelati= 

with ais t ing  data, 
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P r n  I - 
Part I w i l l  supplement: the data obtaird in the test program, NAS 8-11807, just 

conpleted, by .pdding  a d d i t i d  data an the effects of eccentricities due to  

joints or panel close-out mdnzrs a the caspmsian a l l r J rpables  of the sandwich 

structure. 

The task w i l l  be accunplished as follows: 

A t  least three joint coinfigurations w i l l  be J e s i p d .  &e configuration to  be 

considered w i l l  be a design with the iimer skin thicker than ti= cuter skin. 

Tlle length of the specimens nust be great enough that the local eccentricities 

due to the joint  design w i l l  be distributed thmgh the core into the outer skin. 

Each desilpl w i l l  take advantage of the data obtained fran the previous tests of 

W 8-11807 and w i l l  be m t i b l e  w i t h  the required joint  to  mate the sk i r t  

with the adjoining stmature. Each joint w i l l  have a stress analysis perfonned 

t o  assure that suitable load paths are provided and that the joint w i l l  develop 

the load the panel is required t o  carry. 

Ti= better two (2) &sib  w i l l  be tested t o  verify the analysis. The selecticm 

of a joint h i m  w i l l  take into account the aforesaid requiments and w i l l  

also be cbgnirant of the limitations fran the manufacturing process and material 

acquisition. The test parts shall be loaded in tlle tests in s u d ~  a manner t o  

simulate the loading the skirt w i l l  experience. The test support strwtuxe w i l l  

sirmlate the end canciitians and flexibil i ty as nearly as possible. Sufficient 

isstngnentatian w i l l  be used to  assure that above canditim are nret during the 

test. 



There shall be thme (3) t e s t  specimens of each cdiguration. 

oint design w i l l  be made at the ca~lus~ool of this 



Part XI of the Ultra Light tbneycd Uevclopmnt Program w i l l  determine the 

effects ob curvature OR the general Lastability m& of failure of panels of 

sandwich cons~luction. 

Tile panel sizes w i l l  be detennined from an analytical study to assure that 

dimensians w i l l  be sufficient t o  allow a general instabil i ty buckle to  form. 

Tho inside radius of the t e s t  panels w i l l  be appxaximately 16.5 feet, and the 

outside radius may be varied to  meet the thickness requirements detennined by 

the analysis. The ends of the test panels w i l l  sinualte the end conditians 

and support encountered in the proposed skirt stxucture, and the sides w i l l  be 

simply supported. 

I t  i s  recclpnaended that a t  least three of each configuration Le tested and that 

there be a t  least thme configuratiools having the core th ichmss,  density and 

skin thickness as variables. 

A study w i l l  be made of several of the theoretical techniques of analysis and 

comparisons w i l l  be made with the test  results to deternrine the scatter factor 

for future design on the s k i r t  structure. 

An optimization study w i l l  be made of various structural configurations of a 

cylindrical structure using the design data obtained froDn the test results. The 

study w i l l  conpare structures of unrcinforred, thick core, honeycomb sandwich 

constructiQsr with hoplqtcaab sandwich structures minforced w i t h  ring sect- 

'.r 
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t o  increase the allowable stress due to general instability buckling. The qti- 

mizaticm wilf cplqp;11'~ t o t a t  weight of structure w i t h  load carrying capability, 

Tlke final regort w i l l  s d z e  data obtained during the program and will incrude 



PART I11 

~art IXI of the Ultra ~ i g h t  H O I I ~ Y C U ~  Developaent pr~grarn w i l l  consist of the 

design, manufacture, Mn-destructive inspection 4 tests to failurn uf a f u l l  

scale cylinder which simulates the design of the foxward skirt of the S-XI 

Saturn V missile. 

- 

The design of the cylinder w i l l  incorporate the data obtained from NAS 8-11807 

a d  from Parts I and I1 follow-on. 'Ihe method of attaching to the upper and 

lower structure shall be the same as that used aa the Forward S k i r t  aa the 

propod missile. The structure w i l l  be &si& to t l ve  latest load require- 

men- uhich w i l l  be funushe * d by Marshall Space Flight Center, NASA. The 

design w i l l  incorporate al l  attachments for equiptent and cutouts for access 

doors which might change the load paths or change the stiffness of the struc- 

ture. 

A design w i l l  be xnade for a tes t  fixture which w i l l  support the cylinder and 

provicie ~e stiffness'required t o  equally distribute the load from the load 

rams t o  the cylinder structure. The fixture w i l l  be capable-of applying a 

lo& to 1-1/2 t b s  the design ultimate applied load f u r  the cylinder. 

The cylinder w i l l  be manufactured, using the processes and specificatians as 

set by the design. 

quality control departnrent and non-destructive tes t ing methods w i l l  be used 

t o  determine the quality of the completed article, 

The caarqpliance t o  the design w i l l  be determined by the 

The destructive t e s t s  w i l l  consist of a static load uniformly applied to the 
1 ,  
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ends of the cylinder. The load w i l l  be increased in increments t o  the design 

limit load. Strain gages 

structure, nLe stress distribution around cutmts and inserts w i l l  be deter- 

mined either by st ra in  gages placed adjacent to  these locations or by a photo- 

elastic coating. 

be used to detennine the stress levels iq the 

The cylinder w i l l  be s t a t i c a l l y  loaded to  failure. 

in incrvmmts t o  the failing load and data w i l l  be taken at each increment. 

This data shall be st rain and deflection versus loacl. Ihe cylin&r stmcture  

w i l l  be tom apart after the failure in the static test end a visual compariscm 

w i l l  be tirade of the quality of b c d u i t h  the results obtained fraa the nan- 

destructive quality control test to prove the effectiveness of the quality 

The load w i l l  be increased 

control methods used. 

Recomemiations w i l l  be nude from the data a d  t e s t  results obtained in Part 111 

for the design and @-re of the Forward Skirt Stnrcturr! of the S-If of 

the Saturn v missile. 

i i  
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TABULATED DATA 
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2-10072-1 3,1-3/16-1UP 51.00 .OW 8180 102 91,400 

2-10072-3 2,3-1/4-1OP 52.88 .013 4660 58 60,200 

2-10072-5 3,1-1/8-7P 54.00 025 8000 100 57,100 

2-10072-501 3,1-3/16-1OP 54.00 025 9980 125 70,500 

Skin = 6Al-4V Titanium Alloy con3 = 5052 A l d  Allay 

Skin to Corn Band - Three b p o n e n t  Adhesive System: 
BlowbgUe Rubber Chapany Rd-47, BRZ27A, and l34-61 

* Casputed core shear stress at u l t h t e  load 

** ccwpluted skin compressive stress at  Qltimate load 

I .  
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! I  

Th icknesa 
AVCO eJg. Thickness Densi ty  C e l l  Site (Inch) 
Number (1 nch) Jlb. /f t. 3, (Inch) perf or at cd 

Ribbon 
Direct i o n  
Be-. 

JT or Lf 

2-10071-1 0.020 2 .3  1/4 0.0010 P 

2-1007 1-3 0.020 3.1 3/16 0.0010 P 

2-1007 1-5 0.020 3.1 l/6 00 0007 P 

2-10071-505 0.020 3.1 l/8 ‘0.0067 P 

L 

L 

L 

n A 

Note8 A l l  specimens were constructed of 6 A L 4 V  Titanium Alloy 8 k h  and 
5052 Aluminum A l l o y  core. 
aloomingdale Rubber Company adhedwe, node1 Fn61. A l l  spechens 
were perforated. 

The ekin and cox8 were bonded udng 

. 

. 

e 
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DYNAMIC TEST DATA* S h  2-10071-SOS 

I 

Acceleration (g peak) Band- Strain 
Frequency Xnput Response width (Hicroincb Per Inch) 

st kP.1 - - % 5 A4 - As Ag t 

( C P d  

70 weep 5 15 35 100 95 40 Broken 8, SO0 

800 weep 1.5 - 50 85 - 25 Broken a o o  1 

I I 

I a50 X610 weep 1s 250 285 <s 0 (I, Broken 
Bok: &copt a t  1610 cpo. all acce10;tgwters aro in phrw. 

I 

1) 
--. * - .  . 
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DYWAMIC TEST DATA. S/M 2-10071-1 

A6 
tl 

I 

F r equency 
WPS) 

7 0  weep 

820 Neep 

a20 d w a i i '  
106 cycle. 

820 dwell 

(Pa flue) 
6 minutea 

~ l r r a t i o n  (q  pcak) Band- 
Xnput Responoe width 

(CP4 % A A q A g -  A6 - 
40 0- 7 5 12 24 13 . 

5 2 1.5 28 45 25 

I 7-2 175 320 26 .. 
.. 50 190 405 73 

Strain 
(Microinch P e r  Inch) 
b7 =9 

2.000 2. 700 

100 100 

250 320 

625 800 

I !  

hrr 72U ROU 2-43 
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DYHAHXC TEST DATA. S/N 2-10011-9 

Accelorrtion (g peak) 
Frequency hput  Re eponse 

870 sweep 

870 dwell 

1 13 26 SO SS 2.5 

6.2 85 le0 315 400 13 

870 dwell 20 150 440 - 920 26 
I npu t I ncrer..rd 
Failure after 8.5 
Minutes 

Band- 
w i d t h  

_tcp.) 

25 

.. 
0 

Strain 
(Microinch Per  Xnch) 

ft 
None None 

None None 

None won0 

Note: 1) a1 accolemmeterm were i n  phaae. 

2) Pirat resonance not recorded- 
danvgr to .pocirrane in f i r s t  r o . ~ n . ~ b ~ e  

Pull  woep not conducted to .void 



1- 

f scIHd*-’s7 

Dy#A)rXC TEST DATA. S/lt 2-10071-3 

850 weep 

850 dwell 
106 cycle0 

850 dwell 
106 cycle. 

10.0 - I: 14.9 - 

Acceleration (g peak) 
Input Response 

Band- 
w i d t h  

1 13 26 46 50 1 25 

6-9 110 210 390 420 16.5 0 

20 190 353 620 rood2) 28 .. 

Strain 
h&CrOhch Par fnch 1 

s7 

sot plugged in. 

N o t  plugged tn. 

137s 

Notes 1) All accelerometers were in pirase. 

2) Accelerometer fell off af ter  eight second8 at high level input. 

3) F k s t  resonance not recorded. F u l l  #ueep not cmducted to avoid 
t ,  

drug. to apecben in first re.onanco. 
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1 VCQ CORPORATION 
AEROSPACE f i m u m P . S  WM 
NASHVILLE, TENNESSEE 37202 

D.T. i a  Octo 1965 NAS 8-11807 

c-1.1 

C-3.1 

c-5.1 

c-so1.1 
C-503.1 

C-5US. 1 

C-507.2 

c-507 . 3 

C-509.2 

C-509.3 

c-511.2 

C-511.3 

c-513.2 

C-513.3 

C-5 15.2 

C-515.3 

C-517.2 

C-517.3 

0126 

. 0188 

.0271 

.0131 

-0181 

.0261 

. 0129 

,0127 

. 0187 

00188 

.0264 

.0258 

' .0133 

,0129 

.0180 

.0179 

0259 

0259 

3.0 

3.0 

3.0 

4.0 

4.0 

4.0 

3.0 

' ;  3.0 

3.0 

3.0 

3.0 

3.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

. 1250 

. 1875 

. 2500 

. 1250 

. 1875 

. 2500 

. 1250 

. 1250 

. 1875 

. 1875 

. 2500 

. 2500 

. 1250 

1250 

. 1875 

.1875 

. 2500 

. 2500 

77000 

77000 

55000 

77000 

77000 

55000 

77000 

77000 

77000 

77000 

s5000 

55000 

27000 

77000 

77000 

77000 

45000 

S$Ooo 

. 010 

. 014 

. 013 

. 015 

. 024 

. 012 

. 010 

0009 

. 014 

. 022 

. 0135 

.016 

. 011 

. 016 

0014 

. 014 

.O12 

. 016 

214 282 

213.5 282 

162 170 

209 282 

244 282 

178 170 

292 282 

258 282 

** 282 

288 282 

154 170 

176 170 

295 282 

329 282. 

260 282 

265 282 

148 170 

1 79 170 

** No cotpa was available for testing. 
MATEKUUS - Slcins - W-4V Titanium - qlutian lieat Treoted and Aged 

care - 5052 Al-Al10y (& - 31,909 psi L i  

* 

7247 Row. @-63 



C-la  1 

C-3.1 

c-5 . 1 

c-501 . 1 

C-503.1 

c-505.1 

C-507 . 2 

c-507.3 

C-509.2 

c-509.3 

C-511 . 2 

C-511.3 

C-513. 2 

C-513.3 

C-515 . 2 

c-515.3 

C-517.2 

C-51753 

70,Ou 

93,002 

97,388 

70 8 510 

, 80,689 

> 64,593 

9,420 

95,549 

104,185 

43,400 

81,285 

83,709 

111,528 

93,613 

95,156 

101 , 742 

107.470 

88 ,412 

82,410 51,389 86,892 

84,156 64,102 74,800 

80,808 73,901 78,626 

69,507 38,274 86,897 

74,696 48,348 64,472 

87,568 68,002 91,334 

99,587 62,811 102,700 

95,788 59,969 99,066 

0 0 No Test Fg V a l ~  0 0 -  

88,358 67,303 68,919 

75,714 68,342 71,280 

78;023 69,622 66,960 

98,522 sr( ,664 115,415 

93,934 51,329 99,374 

93,830 60,564 84,799 

98,659 60,930 84,571 

76,314 59,088 82,489 

79,183 61,309 78,482 

117.7 

90.5 

83.0 

98.6 

92.6 

135.6 

100.1 

100.3 

203.6 

93.1 

93.2 

88.3 

100.3 

98.6 * 

93.0 

71.0 

89.6 

73.4 

68.9 

75.9 

54.3 

59.9 

105.3 

63.2 

63.8 

155. 1 

84.1 

83.2 

49.0 

54.8 

63.6 

59.9 

SSmO 

69.3 

124.1 

80.4 

80.7 

123.2 

79.9 

141.4 

103.3 

103; 7 

158 8 

87.7 

80.0 

103.5 

106.2 

89.1 

83.1 

76.8 

88.8 



c-1 0 1 
C-3.1 

c-5.1 

c- 501 . 1 
C-503.1 

c-505. 1 

C-507.2 

c-507.3 

c-509 . 2 
C-509.3 

C-511 . 2 
C-511. 3 

C-513.2 

C-513.3 

c-515.2 

C-515 . 3 
C-517.2 

C-517 . 3 

97,364 
98,867 

83,688 

87,787 

83,555 

84,932 

97,925 

loo ,002 

98,743 

87,173 
c 

81,787 

75 , 865 
96,364 

85,507 

97,846 

?7,713 

j 84,708 

75,986 

60,715 
75,308 

76,535 

48,340 

54,082 . 
66,013 

61,787 

62,607 

75,013 

66,400 

73,824 

67,696 

53,466 

46,724 

63,137 

62 896 

65,585 

58,833 

97,025 
85,552 

80,783 

98,879 

69 599 

,89,429 

I S  

101,410 

102,226 

84 7% 

68 114 

75,463 

65 576 

113,769 

93,549 

87 8 535 

86,624 

88,179 

76 , 368 

139,l 86,7 
106.3 81.0 

85.9 78.6 

124.5 68.6 

103.6 67.0 

131,s 102.2 

98.5 62.1 

104.7 65.5 

94.8 72.0 

200.9 153.0 

100.6 90.8 

90.6 80.9 

86.4 47.9 

91.3 49.9 

fU2,8 66.4 

96.0 61.8 

78.8 61.0 

85.9 66.5 

138.6 
92.0 

82.9 

140.2 

86.3 

138,4 

102.0 

107.0 

81.3 

156.9 

92.8 

78.3 

102,o 

99.9 

92.0 

85.1 

82.0 

86.4 

Theory from DESIGN AND TESTING OF Ii~NCCME SANDfIUl CYLWDERS UNDER AXIAL 
CWRESSI(rJ, Uouglas Ainratt---y, August 1962. 

for Aircraft, Part 11) 
* Mfg. F typical values,were used in  the thtpmtical calatlatims. 

8 



P, E. P i p  
CI.CL1.. 0- 

CORPOMTiON 
AEROSPACE SfRucruRE3 blvIS8ON 
NASHVILLE, TENNESSEE 37202 

ut. 18 Oct, 1965 f 

PIUSE I1 - EDGEWISE CCBPRION MTA RX "EOETICAL WLATI(TJS 

-AM'S: & - 77,000 psi  , : i Tvpical Fg = 282 paii 

G, - 31,900 psi* 
SPEcIhaJ , TnI- THICKNESS SIZE W A W  
N i * W  INai I M  I" INCH 

-2 3-5 2 7 . 018 4.0 1250 e005 
-23-529 019 4.0 . 1875 e005 
-23-563 020 4.0 . 1250 005 
-23-565 eo19 4.0 . 1875 eo05 . - 21-523 0 025 4.0 . 1250 . 005 

.1875 005 . 1250 e005 
-21-525 
-21-559 I - 21-561 , 028 4.0 ' .1875 005 
-19-519 ,029 4.0 . 1250 e005 
-19-521 . 029 4.0 . 1875 005 
-19-555 029 4.0 , 1250 00s . 1875 e005 . 1250 905 
-19-557 .029 4.0 
-17-515 019 3.5 - 17-517 . 018 3.5 .1875 005 
i17-551 ,020 3.5 . 1250 b1tO 
-17-553 eo191 3.5 . 1875 *ruio 
-15-511 . 025 3.5 . 1250 blO 
-15-513 .024 3.5 . 1875 0108 
-15-547 .026 3.5 .1250 0100 
-15-549 . 027 3.5 . 1875 UOS 
-13-507 e o 3 0  3.5 .1250 00s 
-13-509 .029 3.5 . 1875 bo5 
-13-543 . 028 3 s  . 1250 005 
-13-545 .028 3.5 1875 A05 
-11-503 eo19 3.0 , 1250 moos 
-11-505 eo19 3.0 . 1875 .005 
-11-539 bo20 3.0 1250 005 
-11-541 019 3.0 1875 ,005 
-9-5 .025 3.0 1250 e005 
-9-501 .026 3.0 . 1875 005 
-9- 535 . 025 3.0 , 1250 005 
-9-537 025 3.0 . 1875 . 00s 
-7-1 .028 3.0 . 1250 e 005 
-7-3 .031 j3.0 .1875 .005 
-7-531 .032 3.0 1250 005 
-7-533 .028 3.0 . 1875 e005 
-15-503 . 019 4.0 . . 1250 e005 
-1s-505 eo19 4.0 . I875 e005 
-15-515 e020 4.0 . 1250 *oos 
-15-517 019 4.0 1875 ,005 

. 025 4.0 . 029 4.0 ' 

7247 Rmv. 8-6s 



I SANWICH GLL 
SPECIMEN IHICXNESS THI(xNEss SIZE 
NUMUER INai INCH IN01 

-17-3 .025 4.0 1250 eo05 
-17-501 .024 4 .O 1875 .005 
-17-509 024 4.0 .1250 moo5 

-19-1 e 030 4.0 .1250 .005 
-19-5 I e o 3 9  4.0 , ,  1875 eo05 
-19-507 .026 4.0 .1250 .005 
-19-511 .028 4.0 .1875 .005 

lyAvIhlEss 
mat 

SKIN 

-17-513 .024 4.1) .187S .005 

* c;C - Average of manufacturer's typical values for longitudinal 
ribban direction and transverse ribbun direction. 
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I.= 18 Oct. 1965 NAS 8-11807 h1.A. 5501 
I 

PHASE I1 - EDGEIU’ISE CCMPRESSION - TEST VS. “EORETICAL 

-23-527 
t23-529 , 
-23-563 
-23-565 
-21-523 
-21-525 
-21-559 
-21-561 
-19-519 - 19-52 1 
-19-555 ‘ 

-19-557 
-17-515 
-17-517 . 
-17-551 
-17-553 
-15-511 
-15-513 
-15-547 
-15-549 
-13-507 - 13-509 - 13-543 
-13-545 
-11-503 
-11-50s 
-11-539 
-11-541 
-9-5 
-9-501 
-9-535 
-9-537 
-7-1 
-7-3 
-7-531 - 7-5 33: 
-15-503 
-15-505 
-‘5-515 
-15-517 

141,319 
99,663 

141,875 
68 , 852 

100,000 
144,500 
108,621 

107,527 
159,570 
88,602 

143,383 
145,000 
90 , 536 

163,533 
105,638 
126,027 
122,427 

134,693 
145,663 
122,646 
139,474 . 

78,947 
100,417 
121,939 

144,872 
46,667 

124,667 
133,333 
62,903 
90,625 

148,214 
98,684 
76,316 

123;684 

94,013 

146,237 * 

91,729 - 

109 8 524 

78,405 

99 8 375 

115,915 74 , 662 82.0 52.8 
116.544 77.115 116.9 77.4 
117 117 
116,544 
119 , 344 
119,344 
120,610 
120,325 
120,610 
120 , 610 
120,610 
120,li10 
116,560 
115,930 
105,331 
106 , 176 

108,991 
111 , 526 
120,039 
120 , 895 
120,628 
120 , 343 
120,325 
116 , 544 
116,544 
117,117 
116 , 544 
119,344 
119,694 

119,344 
120,325 
121 , 128 
121,364 
120,325 

116 , 544 
117 , 117 
116 , 544 

110,919 

119 9 344 

116 , 544 

79;497 
77 , 115 
90 , 516 
90 , 516 
98,474 
96,545 
98 . 474 
98,474 
98,474 
98,474 
82,635 
79,996 
76.614 
75,273 

86 , 843 
92 , 491 

107,698 
105,654 

103,159 
88,975 

91 , 720 
88,975 

104,411 
106 , 774 
104,411 

111 , 351 
117,887 
119,985 
111,351 

90,201 

101,447 

, 103,571 

88,975 

104 8 411 

77 8 115 
’ 77,115 
. 79,497 

77,115 

82.5 
169.3 
l l9.3 
82.6 

111 b 0 
128 0 
112.2 
75.6 

136.1 
82.5 
81.3 
80,O 

116.3 
115.7 
67.8 

103.2 
88.5 
98.0 

110.4 
89.6 
82.6 
98.1 
83.6 

147.6 
116.6 
95.6 

152 . 2 
82.6 

255.7 
95.7 
90.2 

192.6 
133.9 
81.2 

118.1 
152 7 
117.9 
94.2 

56.0 
‘ 112.0 

90.5 
62.6 
90.7 

102.7 
91.6 
61.7 

111 . 1 
67.3 
57.6 
55.2 
84.6 
82.1 

. 55.2 
82.2 
73.4 
82.9 
98.3 
78.4 
71.1 
84.1 
63.8 

112.7 
91.3 
73.0 

133.2 
73.7 

223.7 

83.5 
187 . 4 
132.4 
75.1 
78.1 

101.0 
* 80.0 

62.3 

83.8 



-17-3 
-17-501 
-17-509 
-17-513 
-19-1 
-19-5 
-19-507 
-19-511 

84,289 
84,375 
93,229 
91,667 

128,482 
l24,324 
117,506 
144,643 

119,344 
118,Yb7 
118,967 
118,967 
120,877 
120,877 
119,094 
120 , 325 

90,516 
88,418 
88,418 
88 ,418 

100,367 
100,367 
92,568 
96,545 

141.6 
141.0 
127.6- 
129.8 
94.1 
97.2 

101.9 
83.2 

107 4 
104.8 
94.8 
96.5 
78.1 
80.7 
78.8 
66.7 

..I . 

""0 theoretical v a h s  were obtained by equatian (c). 
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20,000 

10,000 

0 

mvs. SiiEARSrRAIN 

TYPICAL a W E  

SPECIMEN NO, S-1.1 
CORE - 5052 Al- Alloy 
3.1 pcf - 1/8 Cell Size 

SKINS - 6AL-4V Titanium Alloy 
0.020 in. Thickness 

RIBBON UIRECrI(rJ - Lcmgitudinal 
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! TYPICAL CURvIi 

40 ,000 

30 ,000 

20,000 

10,000 

0 

SPECUEN NO. S-1.2 
OORE - 5052 AlumimpP Alloy 
3.1 pcf - 118 Cell Size 

s#INs - 6&JV Titanium Alloy 
0.020 in. Thicknt?ss 

RIBBON DIRECl'I(TJ - hg i tud ina l  



. 40,000 

2 
-.  20,000 - 8 
- 10,000 

0 

SPECIMEN NO. C-513.2 
CORE - 5052 N- Alloy 
3.1pcf - 1/8 Cell Size 

SKINS - 6AL-4V Titanium Alloy 
RXBBON DIRECI’I(rJ - langitudinal 

OeO12 i n a  ~MCIUBSS 
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8 
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SPECIhEN NO, G515.3 

3, l  pcf - 3/16 Cell Size 
SKINS - 6AL-4V Titanium Alloy 

0.018 in. Thickness 
RI- DIRECTION - Longitudinal 

CORE - 5052 Al- Alloy 
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EDc;EwIsE ccMpREssIoN TEST 
INTEGRAL SPECIMEN 
TYPICAL TEST SETUP 

7247 Rev. 8-65 
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Ew;EhiISE UIMPRESSION TEST 
INTEGRAL SPECIMEN 

TYPICAL BOND FIATWISE TEEiSION FAILURE 

7247 Rev. 8-65  



P, E. P i p  

W. A. Griswold 
C I ~ N I ~ B  .r 

~ n e 0 m R I  w -. - 

mATR 18 at. 1965 

EDQNISE COMPRESSICN TEST 
INTEGRAL SPECIMEN 

TYPICAL CORE FIAlWISE TENSION FAIIllRE 

AVrea CORPMUTION 
AERSPACE SlllUCTUUES IltvIsoN 
NASHVILLE. TENNESSEE 37202 

HI. .I-. 4 '., 16 
Appe*= D 

ORLCOT .I-. R-1050 

MOA. 5501 NAS 8-11807 U m B t C  NB. 

7247 Rov. 8-65 
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EDGEWISE COMPRESSI~ TEST 
SPLICE JOIhT SPECIMEN 

TYPICAL TEST SETUP 

7247 Rmv. 8-65 
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EDGEWISE COblPREssICN TEST 
SPLICE JOINT SPECIM€N 

lYPIcAL CORE CRUSH FAILURE 

7247 Rev. 8-65  
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EDGEh'ISE ~~IPRESSION TEST 
SPLICE JOIhT SPECIMEN 

TYPICAL CORE FLATNISE TENSION 
M U  SPLICE PLATE BmD FAILURE 

7247 Rev. 8 - 6 5  



EDGEWISE ~IPRESSION TEST 
ELELTROh BEMI WELDED SPECIMEN 

FACE \\%INKLING FAILURE 

7247 Rev. 9-65 
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BLACK !%EAR TEST 
TYPICAL CORE SHEAR FAILURE 

7247 ROV. 8-65 



FLEXURE TIST 
TYPICAL FAILURE 

(Rim HALF OF SPECIEN) 
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FLEXURE TEST 
TYPICAL FAILURE 

(LEFT HALF OF SPECIMEN) 

7247 Rev. B-65 



DYNAMIC TEST 
TYPICAL CORE giEAR FATIcxlE FAILURE 

7247 Rev. 8 - 6 5  
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DYNAMIC TEST 
FACE BENDING FATIGUE FAILURE I 

7147 Rmv. 6 -65  
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INSTALLATION OF SPECIMEN 
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CX)RPORATION 
AEROSPACE STIIU-IS #Wslols 
NASUIVlLl.E, TENN&SEE 37202 

HONEYCOMB SANDWICH 

DY?'AFIIC TEST =?UP 
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I 

Weight of Steel Mass = 3 x 4 x 8 x ,283 = 27a21 

The skin will  

f 

w 

P 

P 

I' 

C 

g 

a 

be r t d  

ff PL = - 
C 

w - 27.21 

fI 
Lc 
- 

I '  

L' 

M&er of Gravities 

13.5 + l a 5  15" 

2 x a 0 1 2  x 8 x 2' ' a768 in) 
2 00'' 

130,000 x 0768 1u,2 - - . 2 x 15 x 27.2 

U2.2 x 32.2 3940 ft/W2 47,200 



I 

Pr3 
3Ex 

122.2 x 27.2(13.5 + 3/2)3 
r r ~ r - r  - 8305 in. 3 x 16 x lo6 x .768 

w+ .) wZ(.S5) - 47,200 * = 155,000 
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31 

k -  

c -  

q -  
A -  

L -  

t h -  
tl - 
t2 = 

t C  - 
k l -  

M -  

W + M (thermopile reading) - W(fk - tc) 

Thsrrpal uductivity,  Btu/hr./sq.ft. deg. Fahr./in. 

Thermal caOYhlctance, Btu/hr./sq.ft. deg. Fahr. 

Tiare rate of heat flaw through area A, Btu per hour. 

Area n o m  to  heat flow, sq.ft. 

Length of path of heat flow ( t h i c h e s s  of specinren), in. 

Temperature of hot air, deg. Fahr. 

Tenpx3rattm of the hot surface, deg, Fahr. 

Temperature of the cold surface, deg. Fahr. 

Temperature of cold air, deg. Fahr, 

T i m  rate of electric power input to laetering box. . 

k a t  flow meter coefficient, 



I 

W 8-11807 UmHb NO- M.A. SSOl -** 18 Oct. 1965 
1 

TIE pwer input to the metering box was corrected by applicatiasr of the heat 

flow rseter coefficient, M, to the thermupile reading. To obtain this coefficient, 

the guard box air temperature was adjusted for steady temperatures with the 

box air first slightly -re and then slightly c 0 0 l t ~  than the metering box 

air. lko equations in the form of 4) abwe were then written, and assuning U 

and M t o  be coorstirntr, the equations were solved for M. 
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WEICHT STUM CALazIAT1a 



.1 
' I  

M.A. SSOl 
-*e 30 Sept, 1965 1 Nr\s 8-11807 woeb m e .  

1 1 

APPrnIX w 

??w pwpose of this report is to detexxdne that prcentagc weight of a honeycamb 

panel which is attributable to the close-aut members, The honeycamb panel is 

part of a cylinder atyi c a m e s  conprcssive axial loads as shawn in Figure 1. 

The canpressive axial loads obtained are fran the test Qk gathered at AVCQ/ASD. 

Tbo types of close-outs are shown in this repart, Type 1 is sham in Figure 2, 

and is V s s a x y  to transfer axial loa& fran lower skin to upper skin and vice 

versa. Type 2 is sham in Figure 3 and is necessary for transferring loads 

a r d  the cirademnce through the welds, 

Type 2 close-arts coolsist:;of strips equal to skin thickness and .SW width, ond 

are bonded along the length of the panel to the ugper and 1- skins alang both 

edges, 

cylinJer. 

Raring assembly, the panels w i l l  be welded along the length of the 

The cylinder in the example used has 16.5' h i d e  radius, snd is 11' lcmg; there- 

fore, hmeycaib panels of approximately 6' almg the circrrpference by 11' laag 

w i l l  be built. 

For weight calculation, a b y c o m b  panel of 6' x 11' is used and assumed to be 

flat,  Percentap weights of the close-outs to the haneycoorb panel am determined 

and a slprmrary of estimated foxward s k i r t  is plade an page 8. 



4 
'1. 
8 
'I 
h 

Upper and lower 

FIGURE 1. 

Rad. 

8.1 - 1/8 - 20P (5052)  Core 

[T[' 3.1 - 1/8 - 7P (5052) Core 
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vce WRPORATtON 
AERCSPACE STRUCfuRES 
NASHVILLE, TENNESSEE 37202 

Material - 6&4V - Solution treated and aged (rwrm teapcioaae) 

had/XraCh Width - 7420018 = 9275P 

There are 2 skins. 

Inad/Skin - 9275/2 = 46381 

For d e s i e  prposes of close-outs, take - 47008 per skin, 

6AL-4V Prope d e s  ....-..*...- (Ref. 2) 

Ut, Tensile Stress = 170,000 psi  

Yield Tensile Stress - 150,OOO psi  
Solutiar treated and aged, 

U l t ,  w g  Stmss = FbrU - e/D = 2 - 244,000 psi 

Yield Bearing Stress = brV - e/D - 2 - 198,000 psi Annealed, 

shear Stress = 76,000 psi 

The l d  85 ShaJn in Figure 4 am balanced by hoop tsnsian loads at "A" and "IP 

and a hoop cuqmrsion load at "C', 

"he momenx: induced in the core due t o  the transfer of 47001 axial load fmn 

lower skin to upper skin = 4700 (4 + .03 + .015) = 19,0121.h. 

This d t  is reacted over 8" length of 8,1#/cuofto corn. 

... h e  Forc8 - 19,012/8 = 23761 

... Ghear in the Cbre - 2376/4 - S94#/h0 
I 
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NASHVILLE, TENNESSEE 37202 .(..I-80 W 0 

mar. 30 1965 NAS 8-11807 umoebno. MOA. 5501 
I 

II 10 

F I W  4, 

ferring horizcntal load in the core to the upper skin. 

7/16" d i a b  - AN-7 bolts are used for transferring 94001 in single shear per inch 

around the circunference. 

I 

-king plate at attachment point. 

Bearing area - dia, x thickness. 

= ,1375 x .1 .04375 in2 

I '  
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:L.m.I.off ' I NASHVILLE, TENNESSEK 37202 

- -  

I ,..--. M A  5501 '** 30 * t o  l%S 1 
1 1 

= 24,400 x .04375 

* 10,6751 

94001 ~ f e  cllrribd at .06" thickness. 

T 
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Panel weight far a -1 6' x 11' (ass- the panel to be flat for weight study.) 

WZW V O W  0 U x 6 X 033 m 22.0  o oft. 

9 . 0  CQXm mi* - 5.1 x 22.0 = 68.21 

Slsin VOW - ((11 x U)(6 x 12).03)2 - 570.24 a ~ h o  

.'. Skin W t .  - .l6 x 570.24 = 91.241 

.*. Total panel might - 159.44Y 

Weight of 6' x 11' panel with close-uuts as sham tr F i p  1. 

ma ..*-.-.. (Fig. 2) 

Core V O W  0 .833(6).33 - (.25 x .25/2)6 - 1.so1 aroft. 

05.  CQre Weight = *8,1(1,50a) = 12,161 

Upper skt) Vol. - 7[72).03 - 15.12 cubin. 

... Upper slcin Ut;. ,== .16[25.U) - -  3.421~~k:. 

Bight/ - 3udmr of holes x vol. x denrity 

l = 66 X .0152 x . l6  
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0.0 Net close-art wt. = 12.16 + 2.42 + 7.43 + .52 - .l6 - 22.374 

Them are 2 close- ... Total W t .  - 2 x 22.35 - 44.741 - 

.*. Weight - .16(7.92) = 1.281 - 

Weight of Hareycaclb Panel 6' x 9' w i t h  3.11/ft3 h i t y  0 0 ~ 8 .  

Core Volusle - 6 x 9 x .331 - 18.0 ft3 

.*. Core Weight - 3.1 x 18.0 = 55.64 

Skixi V o h  = [ ( 9  x 12)(6 x 12).03]2 - 466 in3 

.'. Skin Wei$at - .16 x 466 = 74.71 - -. 

.'. Total Ut. of Panel Xncluding Close-hts = 130.3 + 46.02 = 176.321 

.*.Weight Attributable to Close-oUts * 176.32 - 159.44 - 16.881' 

- 
- - .'. Per Cent of Close-Chit Weight in a caaiplete pgllel as sham in Fig. 1 - 

Circumference - 33 x T = 103.8' 103.8/6 - 17.3 jmmls 

Weight of Capplete Skirt Assy = 176.32 x 17.3 - 30484 - 
REFERENCES: 

1. W U  pnoductr - Mechanical Properties of h n e y c d ~  kterial-TsB120;2/20/64, 

2. M I L - m - 5  - August 19620 


